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Abstract Elevated plasma triglyceride and non-esterified
fatty acid concentrations may cause insulin resistance and
type 2 diabetes mellitus. Lipoprotein lipase (LPL) is a rate-
determining enzyme in lipid metabolism. A variant in the
LPL gene has been identified which alters the penultimate
amino acid Serine at 447 to a stop codon (S447X), and
results in a truncated LPL molecule lacking the C-terminal
dipeptide Ser—Gly. The present study was designed to
evaluate the frequency of S447X variant in the LPL gene
and its effect on the lipid and lipoprotein levels in type 2
diabetic subjects. The genotype frequency distributions of
type 2 diabetes patients and controls were in Hardy-
Weinberg equilibrium. Comparison of the genotype and
allelic frequencies of S447X in subjects with type 2 dia-
betics compared to controls demonstrated no significant
difference. In subjects with type 2 diabetics having
hypertriglyceridemia (TG > 150 mg/dl) compared to dia-
betics with TG level <150 mg/dl, significant difference in
genotype frequency was found among these groups, while
allelic frequency of X was significantly differed. Logistic
regression analysis showed the negative association of LPL
S447X variant with TG and VLDL cholesterol, while no
association with total cholesterol, HDL cholesterol and
LDL cholesterol was found. The lipid levels except for
HDL cholesterol were found to be significantly lower in
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carriers for S447X than wild type in diabetes group. The
decreased level of TG and TG rich lipoprotein in subjects
with SNP S447X in LPL, predicts anti-atherogenic activity
of carriers for S447X variant in general population as well
as type 2 diabetic patients.
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Introduction

Cardiovascular diseases, one of the serious microvascular
complications of type 2 diabetes mellitus, play a major role
in our society and remain the number one Kkiller, irrespec-
tive of successful drug intervention. Apart from diabetes,
other traditional risk factors such as smoking, blood pres-
sure, bodyweight and lifestyle account for most of the risk
of cardiovascular disease worldwide [1]. In addition,
increased triglyceride (TG) levels significantly contribute
to increased risk of cardiovascular disease [2, 3], whereas
severe hypertriglyceridemia is also associated with
increased risk of pancreatitis [4].

Lipoprotein lipase (LPL) is one of the key enzymes in
the metabolism of triglyceride-rich lipoproteins and is
produced in adipose tissue, skeletal muscle, and heart
muscle. Activated by its cofactor apolipoprotein CII [5],
LPL mediates the hydrolysis of triglycerides in chylomi-
crons and very low density lipoproteins (VLDL) at the
luminal side of the endothelium. The generated free fatty
acids are subsequently used for energy production in
muscle tissue or stored as fat in adipose tissue. LPL also
contributes to the high density lipoprotein (HDL) pool by
shedding of phospholipids and apolipoproteins during the
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hydrolysis of these lipoproteins [6]. Besides the enzymatic
activity, LPL also enhances hepatic clearance of triglyc-
eride-rich lipoproteins by mediating receptor mediated
uptake of these atherogenic lipoprotein particles [7, 8].
These metabolic changes are mainly responsible for anti-
atherogenic effects of LPL.

The LPL gene locus is highly polymorphic and many
single nucleotide polymorphisms (SNP) in both coding and
non-coding regions, that have been used to study associa-
tions with lipids, lipoproteins, and risk for atherosclerosis.
More than 100 mutations in the LPL gene have been
described to date. While some mutations result in total loss
of function, others only exert a moderate effect on LPL
activity such as the D9N and N291S [9].

One of the LPL variant ‘S447X’ is associated with
decreased TG and increased HDL cholesterol [11]. Data on
the LPL concentration and activity due to presence of this
variant have been conflicting [9-11]. A S447X mutation
concerns a C to G mutation in exon 9 at position 1595. This
nucleotide change introduces a premature stop codon at
position 447, resulting in a mature protein that lacks the
C-terminal amino acids serine and glycine. In contrast to
all other LPL variants, this mutation is associated with
beneficial effects on lipid homeostasis and atheroprotec-
tion. There are few reports available due to mutation in
genomic DNA in some other genes (Apo Al, ACE, PAI-1,
Coagulation factor VII etc.) resulting into gain of function,
and most of these mutations have a protective role against
cardiovascular diseases [12—-14].

The present study was planned with the view of studying
the occurrence and effect of LPL variant S447X on
triglyceride and other lipid levels in type 2 diabetic patients
(T2DM). As the effect of this variant in diabetes mellitus is
not focused previously in type 2 diabetes mellitus patients
in Indian population.

Materials and Methods

A case—control study was conducted at department of
biochemistry, B. J. Government Medical College, Pune.
150 patients of type 2 diabetes mellitus in the period of
2011-2013 were randomly selected from out patients
department of Medicine, B. J. Government Medical Col-
lege, Pune, between the age group 40-60 years of either
sex. Patients, who were pregnant, had angina or heart
failure, renal failure, hypertension and severe concurrent
illness were excluded from the study. Age and sex matched
150 healthy volunteers without any clinical and biochem-
ical evidence of diabetes or hyperlipidemia, chronic kid-
ney, liver diseases or thyroid disorders were selected as
controls. Moreover, all the control subjects had normal
fasting (<110 mg/dl) and post prandial (<140 mg/dl)

plasma glucose level. The study was approved by Institu-
tional Ethical Committee and an informed consent was
obtained from all individual participants included in the
study after complete explanation of procedure. Every
patient was advised for at least 12—-14 h overnight fasting
and 3 ml of venous blood was collected in plain vacutainer
and serum was separated. Serum samples were analyzed
for total cholesterol, triglycerides, HDL cholesterol. 3 ml
of blood was collected in EDTA vacutainer to extract DNA
for analysis of LPL S447X variant.

Lipid Analysis

To study the effect of the LPL S447X variant on lipid
levels in T2DM, plasma triglycerides, total cholesterol and
HDL-cholesterol were measured in T2DM patients and
controls. Cholesterol [15] and triglyceride [16] concentra-
tions in serum were measured with a fully automated
analyzer. HDL cholesterol [17] was determined with a
turbidimetric assay. LDL and VLDL cholesterol levels
were calculated according to the equation of Friedwald’s
et al. [18].

Genetic Analysis

Venous blood samples collected in EDTA vacutainer were
subsequently used for DNA extraction by salting out
method [19]. Genetic variant LPL S447X for patients and
controls was determined by Polymerase chain reaction
followed by restriction digestion [20]. Oligonucleotides
located in flanking exon 9 of the LPL gene were used to
amplify the region of interest by using forward primer,
5'-TACACTAGCAATGTCTAGGTGA-3'; and reverse
primer, 5'-TCAGCTTTAGCCCAGAATGC-3'. PCR reac-
tions were carried out in a 24-well programmable thermal
cycler. The PCR was carried out in a total volume of 25 pl
of reaction mixture, containing 50 ng of genomic DNA;
125 W 2X master mix containing 200 pmol/l of
deoxynucleotides triphosphates; 10 mmol/l Tris—-HCL, pH
8.8; 1.5 mmol/l MgCl,; 50 mmol/l KCI, and 1 ml/l Triton
X-100; 2.5 U of Tag DNA Polymerase; and 8§ nmol/L each
primer. The amplification strategy was 1 cycle of denatu-
ration for 5 min 94 °C, followed by 30 cycles of denatu-
ration for 1 min at 94 °C, annealing for 30 s at 60 °C, and
extension for 30 s at 72 °C, followed by final extension for
5 min at 72 °C.

Restriction Digestion
The LPL S447X mutation was detected by cutting the PCR
product with the restriction endonuclease Mnll. The PCR

product of 488 bp contains two Mnll restriction sites, of
which one is polymorphic, and the other site reveals the
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488 bp
288 bp

238 bp
200 bp

Genotypes of LPL S447X detected by PCR.

Lane 1: Homozygous for X allele

Lane 2: Heterozygote for S al lele
Lane 3: Homozygous (wild) for S allele
Lane 4: Normal pro duct of 488 bp
Lane 5: 100 bp DNA marker

Fig. 1 Genotypes of LPL S447X detected by PCR. Lane 1
Homozygous for X allele, Lane 2 Heterozygote for S allele, Lane 3
Homozygous (wild) for S allele, Lane 4 normal product of 488 bp,
Lane 5 100 bp DNA marker

S447X mutation. DNA fragments were separated on 3 %
agarose gels and stained with ethidium bromide, and
visualized by UV transilluminator. Digestion of the PCR
product with 3 U Mnll results in two fragments of 288 and
200 bp in case of wild type; while three fragments of 288,
238, and 200 bp for heterozygotes. The homozygous
mutantion shows two fragments of 238, and 200 bp
(Fig. 1). Homozygotes of the mutation were designated
X447X, homozygotes of the wild type were designated
S447S, and heterozygotes were designated S447X. S447X
and X447X were combined and designated 447X carriers
(447XC) [20].

Statistical Analysis

Deviations of the genotype distribution from expected for a
population in Hardy—Weinberg equilibrium (HWE) was
tested using the Chi square test. The frequencies of carriers
among the T2DM patients and controls, and subgroups
within T2DM were compared by using Chi square test.
Frequency of the X allele is calculated and compared
between study population and controls, as well as in sub-
groups of patients of T2DM. The continuous variables
were stated as mean + SE. These variables viz. triglyc-
eride, total cholesterol, HDL cholesterol and LDL choles-
terol, among allelic subgroups S447S and 447XC in T2DM
patient groups were compared. The association between
LPL S447X variant and biochemical markers was studied
by logistic regression analysis. The p value of <0.05 is
considered significant.
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Results

In the present study a nonsense mutation of LPL, S447X in
T2DM subjects as well as in controls was studied, and
comparison of frequencies of LPL S447X genotype and
allelic frequencies was done, and association of cardio-
vascular markers with S447X variant was carried in T2DM
patients. No significant difference in age of T2DM patients
(56.1 £ 10.73) and controls (54.5 4+ 11.65) was found.
The genotype frequencies of S447X variant of LPL gene of
both cases and controls were calculated.

Genotype frequencies were found to be in accordance
with Hardy—Weinberg equilibrium for T2DM patients
(x> = 0.0153, p=0901) and controls (x> = 0.7605,
p = 0.383). In T2DM patients, 116 (77.33 %) subjects
were homozygous for the wild-type allele (SS), 32
(21.33 %) were heterozygous (SX) and 2 (1.33 %) were
homozygous for the minor allele (XX). In control group,
119 (79.33 %) subjects were homozygous for the wild-type
allele (SS), 28 (18.67 %) were heterozygous (SX) and 3
(2 %) subjects were homozygous for the mutant allele
(XX) for SNP LPL S447X. The major allele ‘S’ frequen-
cies were 0.88 and 0.89 and the minor allele ‘X’ frequen-
cies were 0.12 and 0.11 in T2DM patients and controls
respectively.

No significant (p = 0.78 and p = 0.67) difference in the
frequencies of carriers (447XC) among T2DM subjects and
controls was found in both codominant and dominant
genetic models. The minor allele ‘X’ frequencies also did
not differ significantly (p = 0.9279) between T2DM
patients and controls. The odds ratio was calculated from
the genotype frequencies among T2DM and controls and it
was found to be 1.12 with 95 % confidence interval of
0.649 to 1.950 for T2DM patients. Genotype and allele
frequencies of LPL S447X variant in study population and
controls are shown in Table 1.

Further, T2DM patients were classified on the basis of
triglyceride level into two groups, first group with
triglyceride level >150 mg/dl (hypertriglyceridemia) and
second group with triglyceride level <150 mg/dl. The
genotype frequencies viz. S447S, S447X and X447X were
determined in these group in type 2 diabetic patients. The
genotype frequencies were 84 (87.5 %) homozygotes for
wild type allele (SS), 12 (12.5 %) were heterozygotes (SX)
and no any subjects were homozygotes for mutant allele
(XX) in T2DM patients with hypertriglyceridemia. The
genotype frequencies in T2DM patients without hyper-
triglyceridemia were 33 (61.11 %) were wild type (SS), 19
(35.18 %) were heterozygotes (SX) and 2 (3.7 %) were
homozygotes for mutant allele (XX). The frequencies of
major allele ‘S’ were 0.94 and 0.79 and frequencies of
minor allele ‘X’ were 0.06 and 0.21 in T2DM patients with
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;:gfy;e;;i%u;riziz: g? S447X Genetic model Genotypes T2DM patients (n = 150) Controls (n = 150) p value
variant in T2DM and controls Genotype frequencies n (%)
Codominant S447S 116 (77.33) 119 (79.33) 0.78
S447X 32 (21.33) 28 (18.67)
X447X 2 (1.33) 32
Dominant S447S 116 (77.3 %) 119 (79.3 %) 0.67
447XC 34 (22.7 %) 31 (20.7 %)
Allele frequencies
S447 0.88 0.89 0.9279
447X 0.12 0.11
ITHTEE 02n ‘:;soma“"“ of S447X Genotypes T2DM with TG > T2DM with TG < 150 p value
hypertriglyceridemia in patients 150 mg/dl (n = 96) mg/dl mg/dl (n = 54)
with T2DM Genotype frequencies n (%)
S447S 84 (87.5) 33 (61.11) <0.0001*
S447X 12 (12.5) 19 (35.18)
X447X 0 (0) 2 (3.7
Allelic frequencies
S447 0.94 0.79 0.0003*
447X 0.06 0.21

* Statistically significant

and without hypertriglyceridemia respectively. The geno-
type frequencies differ statistically (p < 0.0001) among
these groups on the basis of hypertriglyceridemia in T2DM
patients. Also the minor allele frequencies were signifi-
cantly differed among T2DM patients (p = 0.0003). The
genotype and allelic frequencies of LPL S447X on basis of
hypertriglyceridemia in T2DM patients are shown in
Table 2.

Logistic regression analysis between LPL S447X vari-
ant and cardiovascular markers shows significant negative
association of S447X variant with TG (p = 0.0390) and
VLDL cholesterol (p = 0.0364) with Chi squared value of
32.2 and area under the ROC curve was 0.805, but no
association was found of this variant with total cholesterol,
HDL cholesterol and LDL cholesterol. The results of
logistic regression analysis are shown in Table 3.

To study the effect of SNP S447X of LPL genotypes on
demographic, cardiovascular and insulin resistance indices;
we compared demographic, and biochemical parameters
among genotype subgroups for this variant. The demo-
graphic and biochemical parameters were compared
between genotype frequencies of LPL S447X variant
within dominant genetic model (wild and carriers) in
T2DM patients. We found significant decreased levels of
TC (p = 0.0002), TG (p < 0.0001), and LDL-C (0.0018)
adjusted for gender, smoking and alcoholic status within
the carriers than the wild type for LPL S447X, while body

Table 3 Logistic regression analysis for LPL S447X variant in
T2DM patients

Variables Coefficient SE p value
Triglyeceride —3.58 1.73 0.0390*
VLDL cholesterol —18.15 8.67 0.0364*

mass index (BMI), waist to hip ratio (WHR), Fasting blood
glucose, fasting insulin, homeostatic model assessment for
insulin resitance (HOMA IR), HDL-C and VLDL-C did not
differ statistically. The mean values with standard error
(mean £ SE) of demographic and cardiovascular markers
within subgroups of LPL S447X variant in patients with
T2DM are depicted in Table 4.

Discussion

LPL is a heparin-releasable enzyme bound to gly-
cosaminoglycan compounds of the capillary endothelium
in adipose and muscle tissues. LPL plays a key role in
lipoprotein metabolism since it hydrolyses TG from
VLDL-C and chylomicrons and also removes lipoproteins
from the circulation. LPL influences the interaction
between atherogenic lipoproteins and the cell surface as
well as the receptors on the vascular wall, playing an
important role in atherogenesis [21, 22].
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Table 4 Comparison of lipid

markers within subgroups of Lipid parameters S447S (n = 116) 447XC (n = 34) p value

LPL S447X variant in patients 5, 55.49 + 1.01 57.44 £ 2.0 031

with T2DM
BMI 27.18 + 0.33 26.6 + 0.42 0.48
WHR 222 +£1.25 0.96 £+ 0.01 0.45
Fasting blood glucose 132.05 £ 1.76 136.11 £ 2.88 0.28
Fasting insulin 10.21 £ 0.34 10.04 £+ 0.62 0.78
HOMA IR 3.36 +£ 0.13 3.44 £+ 0.26 0.8
Total cholesterol 209.90 £+ 30.45 187.5 + 27.24 0.0002*
Triglycerides 169.0 £ 23.89 145.5 +£ 13.71 <0.0001*
HDL cholesterol 43.70 £ 5.85 438 £5.25 0.914
LDL cholesterol 1324 + 29.11 114.50 £ 27.89 0.0018*
VLDL cholesterol 32.53 £ 0.48 32.85 £ 0.73 0.92

* Statistically significant

The gene that encodes LPL is situated on chromosome
no. 8 and it is mainly expressed in adipose tissue, skeletal
muscle and heart muscle [23]. The LPL gene locus is
highly polymorphic, it was cloned in 1989, since then more
than 100 LPL gene mutations have been identified and
many SNPs in both coding and non-coding regions have
been used to study associations with lipids, lipoproteins
and atherosclerosis. Most of these SNPs have only mild
detrimental effect on LPL function or they are markers for
genetic variation elsewhere in the genome [24].

One of the naturally occurring LPL S447X variant is
associated with increased lipolytic function of LPL and an
anti-atherogenic lipid profile and can therefore be regarded
as a gain of function mutation [24]. It is revealed that the
variant alters the penultimate amino acid serine at 447 to a
stop codon (S447X) resulting in a truncation of enzyme
and higher expression [25].

The association of LPL S447X polymorphism with
T2DM is explored in the present study. No significant
association of LPL S447X polymorphism with T2DM was
found as the genotype frequency findings were not sig-
nificantly differed from that of controls. Further the
genotype frequencies comparison in groups on the basis of
presence or absence of hypertriglyceridemia (TG >
150 mg/dl), showed significant higher genotype frequency
of S447X within T2DM patients without hypertriglyc-
eridemia than with hypertriglyceridemia, this confirms the
increased activity of LPL enzyme on TG with variant
S447X. The similar findings were observed regarding the
frequency of mutant ‘X’ allele which was increased sig-
nificantly in T2DM patients without hypertriglyceridemia
than T2DM patients with hypertriglyceridemia.

The results of the present study are in accordance with
the previous study by Stanslas et al. [26] in Malaysian
population, no significant difference in the genotype fre-
quencies of LPL S447X was found in diabetics and non-
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diabetics. In another study from Malaysia, Vasudevan et al.
[27] also reported no association of S447X variant with
T2DM patients as well as essential hypertension, these
results are consistent with present findings. In a sex asso-
ciated review on effect of LPL S447X in familial hyper-
triglyceridemia, no significant difference in genotype
frequencies was noted in patients and controls. The similar
results were found when results were compared between
males and females [28].

In a study by Lee et al. [29] from Singapore, showed the
genotype frequencies of LPL S447X did not differ signif-
icantly when compared between males and females. One of
the study of S447X variant in a general population showed
the allele frequencies of 0.875 and 0.125 for ‘S’ and ‘X’
respectively [30]. These findings are similar to that of the
present study, while in another study ‘X’ allele frequency
was found to be 0.06, with a carrier frequency of 13 % in
men with low-HDL-C level and with CHD [31].

In the present study the effect of LPL S447X on lipid
phenotypes demonstrated significant decrease in TC, TG
and LDL-C levels, while no significant difference in BMI,
WHR, Fasting blood glucose, fasting insulin, HDL-C and
HOMA IR index in carriers than wild type for LPL S447X
polymorphism in T2DM patients alone. While in controls
only TG level was significantly decreased in carriers than
wild type for LPL S447X polymorphism.

The logistic regression analysis also established the
association of decreased levels of serum TG and VLDL-C
with presence of LPL S447X variant in T2DM patients.
These results indicate the presence of LPL ‘X’ allele is
associated with decreased levels of TG in both T2DM
patients and control groups. In T2DM patients it is also
associated with TC and LDL-C as well in T2DM patients
only. This lowering effect of LPL S447X variant on TG
and other lipid levels indicate a beneficial effect of this
variant against CVD in T2DM patients as well as controls.



Ind J Clin Biochem (July-Sept 2016) 31(3):286-293

291

The number of researchers focused on influence of
S447X variant on lipid levels in various disease conditions
or in general population. Lee [29] observed increased level
of HDL-C in males as well as females carriers for S447X,
and significantly decrease in TG and LDL-C level in
females only with carriers for S447X than wild type. A
significant increase only in HDL-C was observed by
Fujiwara et al. [30] in carriers than wild type for LPL
S447X variant in Mima general population. Brousseau
et al. [31] found no significant difference in TC, HDL-C,
LDL-C and TG in carriers than wild type for this variant in
men with low HDL-C level and with CHD.

Groenemeijer et al. [20] with REGRESS study group
observed that, carriers of the S447X allele had significantly
higher post-heparin LPL activity, higher HDL-C levels,
and lower TG levels than non-carriers. Kuivenhoven et al.
[32] found significantly greater number of carriers of the
S447X in the high HDL-C group than in either the groups
with normal or low HDL-C.

There are some studies which differ than the results of
present study; these studies show no effect of this variant
with plasma lipids. In the study of Hall et al. [33] and the
Wandsworth Heart and Stroke Study, the levels of TG and
HDL-C concentrations were not associated with LPL
S447X variant in their study. In a study by Yang et al. [34],
there were no significant associations found between the
genotypes of S447X and T2DM as well as between the
genotypes and hypertriglyceridemia in Chinese diabetes
patients.

The TG lowering effect of LPL S447X variant is shown
to be the anti-atherogenic, as TG is an independent risk
factor for CVD. Some of the studies on activity of LPL
have shown direct or indirect evidence, that increased
activity of LPL was associated with the mutation S447X,
which lowers plasma TG and may increase HDL-C levels
in carriers of this variant [35, 36]. S447X a nonsense
mutation, is known to shorten LPL by two terminal amino
acids, this variant is located in the C-domain of the protein
and thus may cause increased binding affinity of the trun-
cated LPL to receptors or may affect its subunit interaction
with substrate, either facilitating or otherwise affecting the
formation of dimers [37, 38].

The LPL mutations influence LPL function in different
ways. Catalytic activity, dimerization, secretion, and hep-
arin binding are affected differentially and in certain
combinations may change the three-dimensional structure.
The S447X polymorphism has been shown that the stability
and catalytic activity in the truncated form is normal, but
may be high concentrations in circulation, resulting a high
activity of LPL and has been considered protective,
because has been associated with decreased levels of TG
and increased HDL-C levels, decreasing the risk of CVD
[39].

The other possible hypothesis may be, the atherogenic
lipoproteins viz. VLDL-C and LDL-C are taken up by liver
with the promotion by LPL via their respective receptors
through acting as a ligand and/or a molecular bridge.
Therefore, the lower risk of atherosclerosis has been
observed in carriers of LPL S447X variant due to better
clearance of atherogenic remnant lipoproteins. There could
also decreased synthesis of LPL from macrophages is seen
due to presence of S447X, as macrophage is one of the
source of LPL. The uptake of modified LDL particles is
promoted by this macrophage synthesized enzyme, so
decreased synthesis leads to lowered uptake of modified
LDL-C in the carriers for LPL S447X variant, thereby
lowering the risk of atherosclerosis [24].

The other mechanism for the LPL S447X gain of
function is altered LPL gene expression, especially at the
level of translation. LPL translation is altered by cate-
cholamines, thyroid hormone, and by poor glycemic con-
trol in diabetic subjects. In response to catecholamines
in vitro, LPL translation is inhibited by the formation of an
RNA binding complex containing the catalytic and regu-
latory subunits of protein kinase A (PKA) and A kinase
anchoring protein (AKAP) which interacts with the 3'UTR
of LPL mRNA. Because the translational regulation of LPL
is inhibitory, and involves the 3'UTR and the region very
close to the LPL S447X point mutation, the LPL S447X
mutation resulted in an altered LPL mRNA which would
demonstrate reduced binding to the RNA binding complex,
and would therefore be better translated. An increased
efficiency of LPL translation would therefore result in
increased LPL activity [40].

Level of TG is under the control of activity of LPL. If
the activity of LPL is enhanced, it can be beneficiary for
lowering level of TG and cardiovascular risk. In various
studies on animal (mice) models deficient in LPL activity
and human subjects with LPL deficiency, gene therapy
with AAV-LPL5*"* was carried out.

The permanent solution for this include gene therapy to
replace the LPL gene having mutation(s) that lowers the
activity of LPL enzyme, with normal one. In various
studies on animal (mice) models deficient in LPL activity
and human subjects with LPL deficiency, gene therapy
with AAV-LPLS447X was carried out. Alipogene tipar-
vovec (AAV-LPL3**"®) is an AAVI-based gene therapy
containing the LPL S447X gene construct with a consti-
tutive expression promoter. Treatment results in histolog-
ical muscle expression of LPL allied with a transient 40 %
reduction in triglycerides and improvements in postpran-
dial chylomicron triglyceride content [41].

Recently a study by Stroes et al. [42] ingested AAV1-
LPL with short of two C-terminal amino acids, which is
produced due to S447X variant in LPL gene in LPL defi-
cient patients, and observed decreased level of TG.
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LPL deficiency due to direct or indirect effect on LPL
action, stands an etiological factor for the incidence of
CVD. The basic mechanisms for LPL deficiency either
include mutations in LPL gene causing decrease in LPL
activity or a defect in the cofactor required for its activity
or may be the abnormality in lipolytic pathway. If the
effect lies in the LPL gene, the S447X variant with its
beneficial effect in clearing of TG as discussed above can
be used to recover LPL deficiency, with the successful gene
therapy in future.
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